Objectives: It remains to be determined whether the TVI-4000 Trachway video intubating (TVI) stylet (Markstein Sichtec Medical Corp, Taichung, Taiwan), an airway device for novices, improves airway management practice by experienced anesthesiologists. The aim of this study was to evaluate the feasibility of using the TVI stylet in difficult tracheal intubation situations compared with that of using the Macintosh laryngoscope on an airway manikin. Materials and Methods: Ten anesthesiologists (with 3e21 years' experience), including three senior residents, participated. We compared tracheal intubation in four airway scenarios: normal airway, tongue edema, cervical spine immobilization, and tongue edema combined with cervical spine immobilization. The time of tracheal intubation (TTI), success rate, and perceived difficulty of intubation for each scenario were compared and analyzed. Results: The TTI was significantly shorter in both the tongue edema and combined scenarios with the TVI stylet compared with the Macintosh laryngoscope (21.60 ± 1.45 seconds vs. 24.07 ± 1.58 seconds and 23.73 ± 2.05 seconds vs. 26.6 ± 2.77 seconds, respectively). Success rates for both devices were 100%. Concomitantly, participants rated using the TVI stylet in these two scenarios as being less difficult. Conclusion: The learning time for tracheal intubation using the TVI stylet in difficult airway scenarios was short. Use of the TVI stylet was easier and required a shorter TTI for tracheal intubation in the tongue edema and combined scenarios.
Introduction
For decades, airway management has remained a challenging issue for clinical anesthesiologists. Direct laryngoscopy is usually performed for routine tracheal intubation [1, 2] . However, performing this technique may prove difficult or even impossible under certain situations, such as in patients having tongue edema, cervical immobilization, and limitation of mouth opening [3, 4] . This can result in airway trauma or severe complications. Failed or difficult intubation is an important cause of mortality and morbidity during anesthesia.
In its newest practice guidelines, the American Society of Anesthesiologists recommends that videolaryngoscopy can and should be considered both as an initial approach to intubation (awake or following induction of general anesthesia) and following failed intubation in which face mask ventilation is adequate [5] . A number of devices have been developed to circumvent the difficult airway problems typically encountered with direct laryngoscopy. These devices include the flexible fiber optic bronchoscope, rigid optical stylet, lightwand, rigid fiberscope, and many types of video laryngoscopes, including the Trachway video intubating (TVI) stylet (TVI-4000; Markstein Sichtec Medical Corp., Taichung, Taiwan 
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Tzu Chi Medical Journal available in their institution, and should always anticipate the next step should airway management go awry. Since our introduction of the TVI stylet for tracheal intubation [6] , it has been widely used in clinical practice for normal and emergency airways [7] . It can also be used for double lumen [8] , nasal [9] , and awake [10] intubations for particularly difficult airways. The aim of this study was to compare tracheal intubation with the TVI stylet with that using the conventional Macintosh laryngoscope by practitioners who are experienced in using a direct laryngoscope but novices to the stylet. We measured and analyzed the time of tracheal intubation (TTI), success rate, and difficulty of tracheal intubation on a manikin with different airway scenarios simulating varying difficulty.
Materials and methods

Participants
Ten anesthesiologists (seven consultants and three senior residents) at a medical center were recruited for this study. They were all experienced with the direct Macintosh laryngoscope but were novices in the use of the TVI stylet for normal or difficult tracheal intubations before the study. Instructions on the use of the stylet were given before the procedure, and all 10 anesthesiologists were given time to practice on the manikin at least 10 times before the study.
Technical information
Using an airway manikin (Trucorp Airsim Bronchi; Trucorp Ltd., Belfast, Northern Ireland) we simulated four airway scenarios: normal airway, tongue edema (tongue inflated with 50 mL of air), cervical spine immobilization (spine fixed in a neutral position), and tongue edema combined with cervical spine immobilization. In each of the four scenarios, participants were asked to perform a tracheal intubation with an endotracheal tube having 7.0 mm internal diameter (Portex; Smiths Medical, Hythe, UK) through the vocal cords using either a conventional Macintosh laryngoscope with a size 3 blade or the Trachway intubating stylet. In the Macintosh group, a guide stylet (Rusch Inc., Duluth, GA, USA) was preloaded in the endotracheal tube to give it a C-shape curve to facilitate tracheal intubation.
Each participating anesthesiologist was randomly assigned three attempts at tracheal intubation with each device in each scenario. In each scenario, five anesthesiologists intubated the manikin's trachea with the Macintosh laryngoscope (Macintosh group) followed by the Trachway intubating stylet (Trachway group), while the other five intubated the trachea with the Trachway intubating stylet followed by the Macintosh laryngoscope.
Each participating anesthesiologist was allowed a maximum time of 120 seconds for each tracheal intubation attempt. The TTI was defined as the time from insertion of the laryngoscope blade or intubating stylet into the mouth of the manikin until successful tracheal intubation was confirmed by inflation of the lungs. Failed intubation was defined as an intubation exceeding 120 seconds or esophageal intubation. After intubation, the participants were asked to describe the difficulty of intubation on a rating scale graded from 1 (very easy) to 5 (very difficult).
Statistics
The TTI and success rates were recorded. The TTI was expressed as mean ± standard deviation, and success rates were expressed as percentages (95% confidence interval). Both were analyzed using Student t test. Difficulty ratings were compared using the ManneWhitneyeWilcoxon signed-rank test. A p value of <0.05 was considered statistically significant.
Results
All 10 anesthesiologists completed the study. Their median clinical anesthesia experience was 10.5 years (range 3e21 years). The TTI in the Macintosh group for the normal, tongue edema, cervical spine immobilization, and tongue edema combined with cervical spine immobilization scenarios were 21.87 ± 1.19 seconds, 24.07 ± 1.58 seconds, 24.67 ± 2.66 seconds, and 26.6 ± 2.77 seconds, respectively. In the Trachway group, TTIs were 21.53 ± 1.19 seconds, 21.6 ± 1.45 seconds, 23.13 ± 3.14 seconds, and 23.73 ± 2.05 seconds, respectively (Fig. 1) . The TTI of the Trachway group was significantly shorter in the two scenarios tongue edema and tongue edema combined with cervical spine immobilization as compared with that of the Macintosh group (p ¼ 0.000126, p ¼ 0.003457, respectively).
Success rates for both devices were 100% in all scenarios. The median difficulty scores and ranges for both devices in the four scenarios are shown in Fig. 2 . It was significantly easier to perform tracheal intubation using the TVI stylet than it was using the Macintosh laryngoscope in the simulated tongue edema (p ¼ 0.031) and in the combined scenarios (p ¼ 0.04).
Discussion
The TVI stylet has been widely used in normal and difficult intubations. The learning time is short for novice operators, even for nurses [11] and medical students [12] . Interestingly, however, no previous study has compared its use in different airway conditions. We evaluated its efficiency in tracheal intubation by comparing the TTI, success rates and degrees of intubation difficulty between use of the stylet and the conventional Macintosh laryngoscope. We found that the Macintosh group took more time for tracheal intubation in the tongue edema and combined scenarios than did the TVI stylet group. Our study also proved that experienced anesthesiologists have strong motivation to learn the use of a new tool such as the TVI stylet in managing both anticipated and unanticipated difficult airways. The learning curve for using the stylet for different types of difficult airway scenarios in manikins was short, requiring only 10 intubations. Participants also felt that tracheal intubations were easier in these two scenarios using the stylet.
The Trucorp Airsim Bronchi manikin was used in the study, as there is evidence of better performance with this manikin compared with other airway simulators [13, 14] . Inflation of the tongue was used to simulate disproportion between the tongue and the mandibular space. Neck immobilization simulated clinical cases in which an injured cervical spine is protected against mobilization. In our study, the TTI was longer using the Macintosh laryngoscope as compared with the TVI stylet in the tongue edema and combined scenarios. The participating anesthesiologists also graded intubation scenarios significantly more difficult with the Macintosh laryngoscope than those with the stylet. This difference may be due to the limited space in the oral cavity and oral pharynx, resulting in difficulty in visualization of the vocal cords (line of sight) by direct laryngoscopy [15, 16] . This condition may be similar to those encountered with morbidly obese patients whose excessive submandibular soft tissue can obscure direct visualization of vocal cords. In contrast, the TVI stylet enables visualization of laryngeal structures and glottic opening during the entire intubation procedure even in the presence of tongue edema. With visual control from the monitor, the tracheal tube can be directed at and passed through the glottis opening together with the intubating stylet when direct laryngeal exposure by the Macintosh laryngoscope is inadequate.
In this study, we also found that the TTI and degree of intubation difficulty were not statistically different in the normal airway and cervical immobilization scenarios. Compared with other devices such as the lightwand, the TVI stylet may still offer certain potential advantages in clinical practice. It requires an operating maneuver that is similar to that of the lightwand, except that the lightwand involves a blind technique. With a built-in advanced camera and fiber optic system, the stylet provides a view of the larynx and glottis opening that is clear enough for tracheal intubation. Prompt recognition and confirmation of tracheal intubation can be achieved via the camera-monitor system. Additionally, little preparation time or positioning manipulation is needed during intubation with the TVI stylet. With no direct firm contact on oropharyngeal structures, trauma or injuries that might be caused by other intubation devices can be avoided [17e19]. A previous study by Turkstra et al [20] showed that the use of the lightwand has a TTI that is comparable to that of the Macintosh laryngoscope but is associated with significantly less cervical spine mobilization. The TVI stylet may share the same advantage with the lightwand since they work in almost the same way, with the stylet providing an additional advantage of direct visualization of the pharyngeal inlet. In the present study, the learning experience was easier with the TVI stylet, following a "what-you-see-is-what-you-get" pattern immediately upon identification of the laryngeal structure and glottis opening through the camera system.
In clinical settings, however, the Trachway intubating stylet can be obscured by blood and secretions. As with the flexible fiber optic bronchoscope [21] , this may limit its use in conditions such as facial trauma, in which blood and secretions occur frequently in the upper airway. Hence, although nasal intubation is now possible with the Trachway intubating stylet [9] we think it is impractical because of possible nasal trauma.
There were some limitations of this study. First, the use of a manikin in simulating various difficult airway situations may not fully correlate with conditions in clinical patients. Second, all anesthesiologists involved in this study were familiar with the lightwand, making it easier to operate the Trachway intubating stylet without requiring much learning experience.
In conclusion, the TVI may be a useful alternative device for direct visualization in tracheal intubation, especially in cases involving tongue edema or tongue edema combined with cervical spine immobilization, in which direct visualization of the vocal cords cannot be achieved by direct laryngoscopy. The learning time for using the TVI stylet for difficult airway scenarios was short.
